The adsorption of Ni(II) with D301R resin was investigated in this paper. The results showed that the saturated extent of adsorption Ni(II) by the resin was 84.3 mg/g. The equilibrium data of Ni(II) sorption was better described by Langmuir isotherm model ( 2 = 0.994) while that of Ni(II) sorption also fitted in Freundlich isotherm model within the experimental concentration range. The amount of the constant ( 0 ) of Ni(II) under 298 K in Langmuir model was 76.92 mg/g, which was close to the experimental results. The constant n was within 2-10 in Freundlich model; it was shown that adsorption of Ni(II) by the resin was easy to take place. The uptake kinetics followed the Lagergren pseudo-first-order rate equation ( 2 = 0.9813). The particle diffusion controlled the adsorption process of Ni(II). The coefficient of the intraparticle diffusion increased with the increase of the pH values and the concentration of Ni(II) in aqueous solution. There was a drop of 20.1 cm −1 for the bending vibration frequency of N-H bond. Results showed that the adsorption of Ni(II) by D301R anion exchange resin was the surface complexation through the infrared spectrum analysis.
Introduction
Nickel-containing wastewater mainly comes from the smelter and electroplating factories. Excessive intake of nickel is easy to cause a variety of pathologic effects like skin allergy, lung fibrosis, and cancer [1, 2] . Though there are very many harmful effects of nickel on human health, production of its compounds is essential and one should find the ways of reducing its input into the environment from the waste streams. Various physicochemical treatments have been developed and successfully used for the removal of heavy metals from contaminated wastewater [3] [4] [5] [6] . A particular focus has been given to chemical precipitation, adsorption reverse osmosis, coagulation, membrane filtration, electrochemical process, and coprecipitation. Ion exchange adsorption is relatively easy to operate and possess some inherent advantages, including low cost, without secondary pollution.
Different from classical theory of ion exchange [7] , the professor Wolfgang Holl put forward "surface complexation theory" to explain the adsorption behavior of the heavy metal ions on the weakly basic anion resin in recent years [8] . D301R anion exchanger resin contains slightly alkaline amino functional groups. Moving boundary models were used to study the adsorption kinetics of Ni 2+ on the resin [9] [10] [11] [12] . The infrared spectrum analysis of D301R resin was carried out before and after adsorption Ni(II). Equilibrium, kinetic data, and the infrared spectrum analysis were investigated to determine proper Ni(II) sorption mechanism. It was showed that the adsorption of Ni(II) with D301R anion exchange resin was mainly not ion-exchange adsorption mechanism but the surface complexation through the infrared spectrum analysis. The coordination bond formed between nitrogen atom on the resin and nickel ions. Theoretical and experimental basis would be provided for the application of ion exchange resin in the treatment of heavy metals in wastewater.
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Main instruments were 752 spectrophotometer (China), DELTA-320 pH meter (Switzerland), HY-2-type multispeed oscillator, DTG160 analytical balance (China), and Tensor27 IR spectrophotometer (Bruker Company in Germany).
Determination of Adsorption Isotherm.
The determination of adsorption isotherm can be carried out by the following experiment. The working solution of 200 mL of different concentration of Ni(II) was taken into a series of 250 mL conical flasks; the same suitable amount of D301R resin was added in. The pH of aqueous solution was measured and adjusted to the desired pH, and each set was agitated in the shaker at the same time for 120 minutes at the same temperature. The concentration of Ni(II) in the filtrate was measured with dimethylglyoxime spectrophotometric method [13] . And the uptake capacity of Ni(II) by the resin can be calculated (1) . Where is the amount adsorbed (mg/g),
is the equilibrium concentration (mg/L), is the mass of the resin (g), and is the volume of aqueous solution (L),
2.3. Kinetic Measure. The following were the kinetic experiments. The working solution of 200 mL was taken into a series of 250 mL conical flasks, and D301R resin of 0.5 g was added into. The pH values of the solution were adjusted to the desired value. A certain volume of the supernatant was taken every 10 minutes and the concentration of Ni(II) was measured. Through the concentration changes of Ni(II) with respect to the time under the conditions of different concentrations of Ni(II) and different pH values of the solution,the related kinetic data was got. was calculated with (2). Where is exchange degree, is the saturated uptake capacity (mg/g), is the concentration of adsorption time (mg/L), and is the volume of the solution of adsorption time (L),
IR spectra of D301R resin samples were recorded in a Tensor27 IR spectrophotometer using KBr for pellet making. are Freundlich constants incorporating all factors affecting the uptake capacity and intensity of adsorption, respectively,
Results and Discussions
The Langmuir isotherms ( Figure 1 ) assumed that there were a finite number of binding sites which were homogeneously distributed over the adsorbent surface of the cells, having the same affinity for adsorption of a single molecular layer and there was no interaction between adsorbed molecules. The Freundlich isotherms (Figure 2 ) assumed that the adsorption energy of a metal binding to a site on an adsorbent depended on whether or not the adjacent sites were already occupied. It was indicated that the adsorption of Ni(II) by the resin can be better described with the Langmuir model from the comparison of these two models ( Table 1) . The saturation uptake capacity ( 0 ) of Ni(II) under 298 K in Langmuir model was 76.92 mg/g, which was close to the experimental results. With being between 2 and 10 in the Freundlich model, it was shown that the uptake of Ni(II) by the resin was easy to take place. kinetic model (5) are often used to describe the adsorption kinetics [14] log ( − ) = log − l 2.303 ,
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where (mg/g) is the amount of adsorption time (min), is the amount of adsorption equilibrium (mg/g), 1 is the rate constant of the Lagergren pseudo-first-order equation (min −1 ), and 2 is the rate constant of the HO secondorder equation (g/mg⋅min). Lagergren pseudo-first-order kinetic model is based on the fact that the change in Ni(II) concentration with respect to time is proportional to the power one.
In order to clarify the sorption kinetics of Ni(II) ions onto D301R resin, two kinetic models were applied to the experimental data (Figures 3 and 4) . From the estimated values and 2 values, it can be concluded that the uptake of Ni(II) in aqueous solution by D301R resin did not fit to the HO second-order rate equation but fitted well to the firstorder kinetic model (Table 2) . 
Determination of Adsorption Rate Constants.
The adsorption process is affected by the velocity of three steps [15, 16] ; they are the film diffusion (4), the particle diffusion, (5) and the chemical reaction (6) . The step of which the speed is the slowest one controls the speed of the asorption, where is the exchange degree
After the experimental data was processed with the equations, the results showed that both 1 − 3(1 − ) 2/3 + 2(1 − ) and 1 − (1 − ) 1/3 with respect to time had good linear ( Figure 5 ). Their correlation coefficients were 0.9442 and 0.9287. As the chemical reaction was quick and generally difficult to become the speed control step, the adsorption process of Ni(II) by D301R resin can be initially identified to be controlled by the particle diffusion process. The rate constant k was 4.7×10 −3 s −1 , and it was shown the adsorption process was rapid.
The Effect of Ni(II) Concentration in Aqueous Solution on the Adsorption
Kinetics. The effect of the initial concentration of Ni(II) in aqueous solution on the absorption kinetics was shown as Figure 6 . It can be interpreted as: when the concentration of ions in aqueous solution was low and the exchange capacity of the resin was large, the mutual repulsive force between the same charges was greater. The ions in aqueous solution were not easy to enter the inside of particles of the resin and the rate of exchange process was slow. Appropriately increasing the concentration of Ni(II), the mutual exclusion between charges can be reduced. The probability of collision between molecules increased, and the reaction rate speeded up at last.
The Effect of pH on Adsorption Kinetics.
The uptake capacity of the resin was larger with being 8.0 (Figure 7 ). This may be due to changes of the ionic charges with respect to the changes of pH value. The adsorption properties on the ion exchange resin changed with the pH values of aqueous solution. Under mild alkaline medium, the charges on the resin were great, and the particle diffusion coefficient also increased with pH values being 8.0 in comparison with 6.0.
Infrared Spectra Analysis of the Adsorption Nickel by the Resin.
According to principles of infrared spectrum, the infrared absorption frequencies of the group can be expressed as formula (9) . Where ] is the adsorption frequency (wave number, cm −1 ), is a bond force constant, is the reduced mass of the group, and is the speed of light [16] ,
The decline of the bond force constants would directly lead to a decline in the infrared absorption frequencies of the groups. The stretching vibration frequency of N-H was within 3500∼3300 cm −1 (Figure 8 ). The bending vibration frequency of N-H bond of the resin decreased from 1640.7 cm −1 unloading Ni(II) (Figure 8(a) ) to 1620.6 cm
loading Ni(II) (Figure 9(b) ). There was a drop of 20.1 cm −1 for the bending vibration frequency of N-H. The change showed that the electron cloud distribution changed significantly on N-H bond. Because of the forming of the coordination bond, the electron had more equal distributions on the original chemical bond, and the bond force constant ( ) decreased. The results showed that the coordination bond formed between nitrogen atom on the resin and nickel ion. There was the surface complexation in the adsorption of Ni(II) by D301R anion exchange resin through the infrared spectrum analysis. 
Conclusions
In the studied concentration range, the adsorption curve of Ni(II) by the D301R resin was better described by Langmuir isotherm model ( 2 = 0.994) while that of Ni(II) sorption also fitted in Freundlich isotherm model. The Freundlich constant ( ) values were between 2 and 10; it was shown that the adsorption of Ni(II) on the resin is easy to take place. It was shown that adsorption process of Ni(II) on the resin fitted the first-order kinetic model ( 2 = 0.9813) and the particle diffusion process was the speed control step. The diffusion coefficients increased when the pH values and the concentration of Ni(II) in aqueous solution also became larger. IR spectrum analysis showed that the bending vibration frequency of N-H bond dropped by 20.1 cm −1 after adsorption of Ni(II) on the resin; the electron cloud distribution changed significantly on N-H bond. The coordination bond formed between nitrogen atom on the resin and nickel ion. It was shown that the surface complexation did its work for the adsorption of Ni(II) by D301R anion exchange resin.
